ETHOD FOR WITHDRAWING ANTDDEWATERING SLAG 
^ 

Background of the Invention 

Field of the Invention 

system. 



10 



oil co k e. a-*-— — — 

1S ^.^«^«-^ w -^" , ^ <P0 ' Thus 

k- 

.esevera.hundredgasif.cadonp.an.sincperaUonworldw.de. 

h . p ^^--^^'"•-»- m, ■ 4,,,,C,-,, "• 
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material forms molten slag as a byproduct. Hot syngas exiting the gasifier is cooled either by 
direct contact with water in a quench chamber, or indirectly in a syngas coder to recover 
excess heat/energy. In the direct quench mode, thehot syngas exi.ing.he gasifier contacts 
water in the quench chamber boated in the bottom of the gasifier vessel. The gas is cooled 
5 andsaturatedwithsteam. The mo.ren ash is rapidly cooled and soUdified in.o irregular ly - 
^apedpaniclesofva^ngsize. Wore, the ouench chamber serves no, onlyto coo, and 
saturate the syngas, but also to disengage s,ag panicles from the syngas, capturing .he slag 

particles in the quench water. 

ta the syngas cooler mode, hot gas is indirectly cooled in a specifically designed heat 
10 exchangerwherehighpressureexportsteamisgenerated. At the exit of the syngas cooler, 
th e cooled syngas is forced to make a rapid direction change as it passes over a pool of water 
cahedthe syngas cooler sump. Molten and partially soUdified slag entrained in the coo.ed 
stasis thus disengaged from the syngas by the combined effects of gravity and momentum. 
The slag partides which drop down into the syngas cooler sump water then rapidly solidify 
15 into irregularly-shaped particles of various sizes. 

m addition to H, and CO, the syngas contains other gases in small quantities, such as 
carbon dioxide^.water.ammonia, methane, hydrogen sulfide (H 2 S), carbonyl sulfide 
(COS), nitrogen, and argon. As much as 99 percent or more of the H2S and COS present in 
the syngas can be recovered andconverted .0 eiemental sulfur for use in me fertilizer or 
20 chemical mdustries. The clean syngas is .hen used for generating electricity and producing 

industrial chemicals and gases. 

Most of the ash present in the solid feedstock is removed from me gasifier as solid, 
glass-like s.ag particles through a water-seaied, depressurizing lockhopper system. The 
.ockhopper is conventionally a cylindrical vesse! vertically oriented with top and bottom 
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sump. 



^convenaonal^oppe.cyc.estooughcouecuonanddumpn.od.s.ln.h, 
^^^^^^^^^ 

aownwards^gh.he.cWHn.e.v^eandinto Che,— vessel. 

slagc onec O o„ ft o mt he g as ite usuaU y las tsf o r ape ri odo fl 5-30 mi „u t es.I nt he 

^p.ode.thein.e.isc.osedand.he^oppe.Udep— Afterbetng 
^^a^eove.eadno.wa.ena.. ^.U,^— - — 
slag and prepare it for transportation. 

^^-.^-^~-- C,,4, * ^ - lh,d,,ta,, "" 

20 ^.auoo.^a.dde, 

.e^eove^e.op^oas,^, ta the case where the s,a g ,s flushed out o f a 
the inclined concrete pad. Periodically, a front end loader is used to scoop-up dewatered slag 

06950.0167-US00 

TD # 82197 



• Winter, etal. 
W Appl. No.: To Be Assigned 

p^sof.as^aono.^nwi^e^— . TO s s,a g water ts coHe^ 
^^wa.su.p^wMcnU.p^^p^asa^s^^^ 

fcatthe equipment canbe positioned a, thebottomof the lockhopper. 

Since O.eiocWisa^e^a.edcyiin^vessei with .op and b o« om 

— *-^ to '-« , -~ ,,,,,,,,,,,W,a,4,-,,, " 

^ ta ^.^«^-- , ^*- ta,,4^, ■ i,-,-,,, 
^ 1 „*p^^"«-^ ta ' , -- dP,,,,Bl, "" 

difficult to service. 

wastewate.W—^tbe^teoto^env— 
20 ^ity — Thep^sso^eaUn.wastewatetand^newinta.ewa.e,, 
e^cost,— 

environmental regulations. 
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equipment. 



Summary of the Invention 

of conventional gasification systems. 
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be varied Wiethe purview of the present invention to discharge slag from the conveying 
iockhop^ratthedesiredrate. Since only a small potion of the conveying iockhopper is 
disposedbeneath the gasifier, the elevation of the gasification system equipment, and 
consequently.!* amount of structure needed to suppon that equipment, is greatly reduced. 
5 m another aspect of the invention, an improved gasification process is provided. 

Generate gasification process comprises supplying feedstocks and 0 2 or air to the 
gasifier through an injector, producing syngas which is cooled in a quench chamber, syngas 
cooler, or other syngas cooling apparatus, passing slag byproduct to the conveying 
lockhopper.thenprocessingand discharging the slag mrough me conveying lockhopper. The 
,0 conveyinglockhopperoperatesinaltema^gcollecuonanddumpmodes. Intheslag 

collection mode, the oude. valve of .he conveytng Copper ,s dosed and the inlet valve ts 
opened so that slag can continuously pass from me gasifier into the conveying Copper 
tto oughacontinuous column of water that extends between the syngas cooling device and the 

conveying lockhopper. 

Since the inlet valve from the gasifier remains open during this mode, the pressure 
within the conveyinglockhopper is the same pressure as the pressure within the gasifier- 
^icallyabout 500 pounds per square inch gage (psig), although it may range anywhere from 

is .constantlyrotatingto breakdown the siag, separate it from the water.and convey it towards 
20 theoutlet. mdumpmodctheinletvalveisclosedandtheaugerisstopped. The water level 
within the conveyinglockhopper is reduced by pushmg the water into an atmospheric heel 
t ^usingapressur*edcapofni.roge. After the water hasbeen pushed into the heel tank, 
th e heel tank valve is closed andavent valve is opened to depressurize the conveymg 
iockhopper. A ft erdepressurizaUon,theouUetvalveisopenedforashor.,ime,typical.y 1-2 
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— »««* d -"' - .agUthen 

■ ^inettgassuchas^ge. By cycKng water „ and out of the.ee, tat*. the 

5 pressure using an inert gas sucu & 

so, is eliminated. 

^othetaspectofthe — ..eopetation of the gasiftcaUon process, 
operation in collection and dump modes. 

Il ^^^-*^-^ te -*• ,,-,,u " ,,0,, ^ 

^thetaspectoftheptesent— , a p iP e, .pe s P oo,, ot oth« type of stotage 

r • c«««i ensures that dewatered slag 
a i nrinr to discharge. The addition of a pipe spool ensures tna 
dewatered slag prior to discnarge 

20 ^-n^*— ^gap.espoo^.o^a^opet eata 

^^.hetnoto, Mo.ovet.e—tse.pMngap.pespoo^-the 
ll^g.oc.oppet.ooo— , — — - 
purged from the pipe spool. 
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system. 

5 Features and Advantages 

^present invention greatly reduces the heigh, to which the gasifiertnustbe _ 

heavy duty structure to support an elevated gasifier is significantly reduced. 

The present invention eiinuna.es the need foradrag conveyor oraslag sump systenr 

,„ towithdrawandprocesssiagfromtheioChoppe, Consequent there is no need for a drag 
conveyororslagsump systet, and no need to excavate „e surface b eneath the gasifier and 
lockhopper to accommodate such equipment. 

significantly reduced. 

me present invention simpHfies the process of disposing of dewatered slag by 

.^■h..-.-.^-"— ^^^^ 

20 preparing processed slag for transportation. 

lowered. 
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pH adjustment for lowering the concentration of leachab.e metals on the slag. 

Additional features and advantages of the invention wiU be set forth in the description 

5 of the invention. 



Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and, together with the description, serve 
10 to explain the features, advantages, and principles of the invention. 

Fig. 1 is a diagram of a gasification system employing a conventional vertical 

lockhopper. 

Fig . 2a is a diagram of a gasification system employing one embodiment of the 
present invention. 

15 Rg . 2b is a diagram of a gasification system employing an alternate embodiment of 

the present invention. 

Fig. 2cisadiagramofagasificaUon system employing an alternate embodiment of 

the present invention. 

Fig. 2d is adiagram of a gasification system employing an alternate embodiment of 

20 the present invention. 

Fig. 2 e,s adiagram of agasification system employing alternate embodiment of 

the present invention. 

Fig. 3a is a detailed view of one embodiment of the present invention. 
Fig. 3b is a diagram of one embodiment of a seal of the present invention. 
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H g . 4 is adetailed view of part of the embodiment of Fig. 3a. 

Fig 5 is adetailed view of part of the embodiment of Fig. 4. 

Fig 6isadiagramof one embodiment of flight geometry of the present invention, 
p^isadiagramof another embodiment o, fcght geometry o, the present invention. 
PigSisadiagramofanotherembodtrnentofflightgeometryofthepresentinventio, 
Hg.sshowsaoompu.ersystemsuitableforusewithmepr.sentinvenuon. - 

Detailed Description of the Preferred Embodiments 

Reference wiU now be made in detail to the present preferred embodiments of the 

10 to*"^*"" 1 * TheeXemPlaiy 

.eshownformesaiceofciarity.Theapparamsof.hepresentinventionwmftrstbe 

15 the present invention will be described. 

' ..nventionalvCcaUy-otientedlodthopperSa. Figure 1 Ulus^tes a gasifer ! which 

20 .eartthatawiderangeofwastes.rawmateri.s.novel.elssuchasOrimnl.on , and 

oxygen is also usually fed into the injector 2. 

T hein J ec,or2,adsintot h ereac,ionchamber3,whichisachambercapab,of 

J 06950.0167-US00 
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CO. Tta ^I^ta*^«^«^ ta ^ Brtbee00,Bd - ^ 

most — means of cooling syngas are quench chan.be* and syngas coders. An 

heat/energy, which may then be recycled for use in the gasifier. 

Figure 1 shows a gasification system employing a quench chamber 4 located directiy 
heneath reaction chamber 3. Quench chambers coo, syngas directly by contacting the hot 
syngas with water. The syngas is thereby cooled and saturated with steam. Thecooled 
10 syngasexitsthegasif.erlandisthensubjectedtoasenesofcleaningprocesses.including 

sulfur removal, before betng used to produce a usenal end product such as electricity or 
industrial chemicals. As an alternative to a quench chamber, syngas cooler, or similar device 
£0 r cooling hot gases may be used. The syngas cooUng device need not recover heat/energy 
for reuse in the gasifier reaction chamber 3. Uss efficient gas coolers simply expel excess 
15 heatintomeatmosphereorintoareservoir. The present invention is not constrained in its 
apphcauon to any particular type of device or method for cooling gases. 

m addition to syngas, reaction chamber 3 produces a molten slag byproduct 6a 
composed of non-gasffiab.e ash matenal and a very small amount of unconverted 
c arbonaceousfeedstoc k .Gravitycauses m ismo,tenbyproduct6atofal.into,uench 
20 c hamber4.asshowninFi,l. m quench chamber 4, me byproduct 6a is rapidly cooled and 

downwards throughthe continuous water column formed inside the quench chamber 4 and 
the lockhopper 5a. 

06950.0167-USOO 
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Figure , shows aconvenrionallockhopper 5a, typically a cyUndrical vessel vertically 

oriented beneath the gasifier ! and fnled completely with water in such a way that a 
c „ntinuou 5 co 1 un ffi o f wateHs f on n edhetween q «enchcha mb e r 4and, 0 c„ 5 awhen 

inlet vaWe Shis open. Although Fig. Hs not drawn to scaie. it is evident thatthe 

asa slagsu nl pw i thad r a g conveyo r o r asla g padsy S te m (not S h„w„) m us, b ein S ta,ledhelow 
popper. Moreover.flu^^^^ 

inotder to provide the large atnounts of flush water needed to purge the topper. 

TurningnowtoFigs^aanda.improvedgasif.cauonsys.rnsempioyingpnnapies 
onhepresent — areshowninpartineachdiagrant.Hsure.ashowst.uenchcha.her 

,^^ ta -*.^«-^^ , -^ ,,,,G,,,,,,tad,B 

1 H«^^*^^- te ■^ ,,,,,, ' ,,,^ ' ,,,,h, ' S, 

industrial byproducts or other types of material. 

KetumtngtoFi, 2a, inlet valve 8a admits s,ag into loChopper , Valve 8a may 

Va,ve8ashouldbeopeneddu n ngthes 1 a g co„ectionmode,oenab,eslagtocol,ctwiUun 
«r,Duringthedu m pmode when s,ag is cieared ou, of the Copper, part of the 

TD # 82197 



20 



Winter, etal. 
Appl. No.: To Be Assigned 



enter lockhopper 9 while it is being purged, but aiso so .hat lockhopper 9 can be 
depressurizedbeforebeing dumped. The process for dumping slag from lodchopp* 9. 

description of the lockhopper system equipment. 

Thee m bodi m ent 0 fconveyingloc k ho P per9showninFig.2ade P ic t slocl ; ho P per9a 1 

refers to the position lockhopper 9 would be in iflaid along itselongated side such ma, ,ts 

10 and,infact,lo d[h opper9needno,heinc 1 inedata,l. In the preferred embodiment, conveying 
lo «r9is disposed at an angle between a PP —ly 5 degrees and approximately 60 

degrees from the horizontal position. 

Jnle, 8b is disposed on the top edge of lockhopper 9 to receive s!ag from quench 
ch amber4.1n.he P referredembodiment,in,et8bisf 1 xed t othetopedgeofloc k hopper9at 

As aresu,,,whenloc k hopper9,s mounted in its inclined operaUng position, inlet 8b wrtlbe 

preferredembodiment, ouUetlOU disposed, ^opposite end on thebottom side of 
20 ,oc B ,op P er9 S o tJ ,a,s,agcanbedischarged. Outlet » can be mounted to locker 9 at an 
^e.simUarlyto inlet 8b, so that slag discharged from outlet XOfalls directly intoa 
container suitable for transporting processed slag, such as container 12. Moreover, as with 
i»,et 8b, an outlet valveUcanbe used to control the flow of processed slag out of outlet !0. 

06950.0167-USOO 

TD# 82197 



14 Winter, etal. 

Appl. No.: To Be Assigned 
Conveying lockhopper9, which wiUbc discussed in more detail ^ithrespectto Figs. 

3a ,3b 4,and5.generanycomprisesahousin g 21 encasing an auger 23. Auger 23 comprises 

outlet 10. in one embodiment of Represent invenUon, the piuraU^ of flights 25inci„desat 
5 lea s t one re versedfUght26at te ouaetendof S haft24. The reversed flights 26 are also 
configured* convey slag toward the ouue, thus ensuring that no slag is forced pas, outlet 10 
into the upper end ofhousing 21. Shaft 24 extends through the upper end of housing 21 so 

upper endo,nousi»g21, may comprise any of a wide variety of wen *nowu motors such as 
10 ^avdicorive.variablespeed.andreversiblemotors. Aiso visible in Figs. 2a and 2b . 

condensa.ewa.er. This aspect of me mvendonwmbedescnbedinmoredeU.il below. 

op ^^-.^P«'3-•W^ 0 -^^ ^ * ,3,l, *• ,, 

15 nwvte valveco„troUed,asshown m Fi g .2awimwater^valvel4whichleadstoheel 

TankWconUunswa.ermmepreferredembodiment.bu.inalternative 

also be used to regulate me flow of nitrogen or other gases. 

Tomore clearly describe the function of me water and nitrogen ports, the following 

oescribemeprimaryfactorsinvolvedintheprocess. As would be apparent to one of ordinary 
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skill in the an, other secondary face, n,a y affec, *e process. This examp.e does not 
where appropriate. 

ThecoU ec ti o n o f s 1 a g oe gi .w ifllttl eco»ve yingm per,be tag fi«edw^water 
fill edwithwate, Wi * .rde, va>ve 8a open, a co^oos co.un. of water, formed between 

^uenchchambe^are, therefore, fo e to drift downwards, ou, of ,uench chamber 4 
an d 1 ntoconve yi n g «r9v i av al ve8 a and M et 8b .Notethat, i ns 1 a g coUecaon 

chamber.boththe water ta the conveyin, Copper and the compressed g as cap (such a, 
„itro g en)atthe upper end of honstn. 2! are a, essenUaUy the same pressure as theouencn 

chamber 4 and the gasifier reaction chamber 3. 

Whenitis time to emp^ conveyin, Copper the popper wU.be put into s,a g 
15 dum pmode. m thismode,in,etva 1 ve8aisc,osedandtheconveyin g loc Bl opper9is 
prep aredfordepressuri^o,Sincethe,i»efrom q uenchchamber4in,oconveyin g 

copper,, open in the sla g co.iection mode, conveyin g popper 9 shouid be 
operatin.atappro.mat el y the same pressure as that w.thm ouench chamber 4 artd g asifier 

^^^^'^^^^"^ 

Htnotbenecessary However, in the preferred embodiment, it is preferable 
lockhopper might not be necessary. ^.o.e^soo 
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chamber and iockhopper wouid also operate at a high pressure. 

Once iraetvalveSaisdosedandbeforeouUetvalveHis opened, convey 

„r m ,^. VaiveUnrustofcourseheopentodothis. The initia, flow of 

9 nitrogen,— d * nitrogen iniet vaive H. When forcing n.tro g en into ,e convey 
^opper^.ven.va.veXSrnnstheciosedoreUethehighpressurenrtrogenwo.diea.o. 

^.edepressun.ed^ciosingwa.rtar.vaiveUandni.ogeninietvaiven.andopening 
^vaiveiStoaiiowtheho.ingntoec.uiUhratewi.hthearnhientpressure.Once 

^hesafetoopenonUetv.veUand.scharge.esiagintheconve.ing—r.nto 

an awaiting container 12. 

Water port X3 and nttrogen port !5 are not reared to he positioned where shown, 
Fig * .hoses.UedintheanwiUrecogni^at.epositionsonheseponscanhevaried 

^rendofhonsing.hecanseon^atrn.hwater^tispresentwithintheho^n 
^ethe—nof the water port wiU he forced out. Water withtn honstng ,1 - ts at a 
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isasubstantialamountofwaterinhousingZl. 

^^a.sobeapp^.ooneo^s.medin.heanthaUhe^^ 

concerns. 

chaffib e t 4.How C veMes S e q u l p m enH sreq u iKd( U.,no h ee ltank 16). 
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e m p 1 o y sap i pespoo 1 va ) ve62 t occn tt o lt he™o f s 1 a,Pipespoo 1 «0 

^^^^^^^^ 

„ dsl a giS ^P^- pi ,spoo 16 0> US p— 

15 

• i w c Those skilled in the art will 
^Uinchesandabou^Oinchesforco^ercalp^Thoses,. 

J ^vo^of^spoo^can.^su^Uora.ven 
auger 23. For example, O6950.oi67-usoo 
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aug e t speed, about 25 .oVSpercen, of the — s.ag^coUecUoncydewUlb, 
coUected.np.espoo^Ob^eenaof.ecoaeConCo!,^— gs.agw.Ube 

structure. 

The embodiment ofFig. 2c emp.oys pipe spooi 60 in the gasification system ofF.g. 
, 2a mCudingheenan*!, ta an aitetnate embodiment depicted in Fig. 2d, pipe spooi 60 ,s 

system. 1 
pother embodiment depicted tn Fi, 2e, pipe spoo, 60 is used with outiet vaive U, 

l5 ^ieaisoempioyingpipespooivaive.. Tbeptesenceofbomv.vesUand.aiiows 
maim e r asdesc ri bedabov, A ss h owni„F l ,2e,, h eflow„ t n ltt o g enintop 1 pes P oo l «0 I s 

conttoUedbyvaWe*. Vent vaive .6 aiiows „ dep— o, Tbete a, two ptimaty 
^tagestotbeembodimentsbowninFig.e. Fit, the boustng » need not be 

^oesnotbavetobedec.ased.notdet.oai.owtbedewate.ngandsiagd.scbatgmgstepto 
in.ct.bym— s a iatge, ptess UM ed gas cap at tbe UPP et endbo.ing2X.aiow 
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up for water lost as surface water discharged with the dewatered slag. 

Kaii^dewateredslagtobedurnpediscootained within pipe spool 60. outlet valve 

Ucanbeclosed and pipe spool «• alo„e can be dep— for during. Consequently, 
„ consumption is significantly reducedsince the voiume being depressurized- pl pe 

duratron of thedumpcyc.e is shorter and conveying Copper 9 can continue to process 
Awhile pipe spool 60 is being dumped. In tfcs embodiment, valves 14, 17 , and !8 are 

, .aventingvlavaiveXStoincreasethelevelorbyad.nit.ngni.ogenviavalvento 

decrease the level by pushing water back up into the quench chamber 4. 

Referring now to Fig. 3a, a detailed diagram of one preferred embodiment of the 
present —s show, !n Hg. 3a, conveying lockhopper which includes housing*. 

with aconstantdiameter along subs.antia.ly its entire length. Of course, a constant diameter 

20 ofthepresentinvention. Moreover, a wide variety of materials may be chosen to 
to high gasifier pressures. 
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aw ««-^l.*-«-'-— on8taches - A - 23was,7fcet 

forappr— — ^ 

^o* — - -,es3S ( seeH g ,a)were 

empioyed to monitor interna! pressure, temped, and fluid.eveis. 

^P^.ttsciear^.et^dontiet.Oc^.edon.etopand^om 

ippo.nsed.iidependnpona^o,^— g , b nt not Unnted to 
^.WKen — ioCopper,, — to t h e g as, to tion .stem at tt 
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Me, 8b andouUetlOaremountedforavariety of reasons including the need ,o 

WUhtn housing*, an auger 23 is disposed to convey sla g from in!et 8 to outlet 10. 
^rscornpnsedofarotaUng shaft 24 driven o y motor 20. Mounted on — -a 

W ^»^--^«--' ,l - , ^ ,a,,l,,,iat,, " h,,,h 

10 ^a^^^i« ta ^ il -^ ,,,,d,,,, " ,, ■ h * ,,9, 

^.echosensorhaaoragiven — rare during tne slag collection -node, the frrs, 

towi , convey l ngt h es,a g fror„ 0 neendofh„using2 1 totheo,he, An*—™ 

housing 21 with portions that carry the slag toward outlet 10. 

I . ^Bp «-*~•^»-'«^■ B,,,d * ,,la4,ta, 
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collection anddump mode, The diameter of nigh* 25 is prefer*,, designed tohavea 
^variedatanylocadononshaft^toa^^ 



invention. 



m another aspect ofthe present invention, flights 25 maybe constructed.* various 
retries including those depicted in Figs. 6, 7, and 8. In Fig. 6, a perforated flight is 

pass through, thereby enhancing the dewatering of siag. SimiWy, another embodiment 
shown in Fig.7depictsaflight with slots 70 located radially about the outer edge of the 
mght . in another embodiment ofthe present invention depicted in Fig. 8, a treated flight » 
15 ^wnwhereinaportionSOoftheotherwisesoiidflighthasbeenremoved.Tnesi.e, 

di fferentpurposes. Moreover.an auger or eauivalen. conveying mechanism may empioy 

20 present— One siciUed in the ar, wiH recognize that flighfs of various sizes and 

geometries may be employed, all within the scope of the invention. 

mother aspect of the present invention, reversed flighu 26 may be employed at 

S0 me point along shaft24 (best seen in Fig. 3a, The preferred embodiment employs 
versed flights 26 at the upper end of shaft 24. Reversed flights 26 are situated on shaft 24 
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slag Re v ere edfli g h«26a r eco nfig u rc d t ocouve ysl a g toouaea0. The use of reversed 

couUhaffi pe rt he rot a n onofsha ft2 4, d a m a g ese a 13.,o r ocel U de t hepa SS a g eofs 1 a g o Ut 
5 fllro ^o ud ea»o t =lo g . tr o g e„pon 1 5, th uscaus ingm o t o r2 O t o h a V e t owo rktod e rt o 

sh0 w„ taHg ,.6.7,-d8. or other suttabie Retries apparent to one sKUed in the art. 

Motor 20rspreferao ly disposed outside and a, theupper end ofhousin g 2X. Motor 20 
m ay comprise anyofawide variety of weU ta own nrotors for operaUn g e q uiprnent of that 
10 type. H^^^^a^^^--"--*---- * 

Section mode. Housin g . has a top flan g e 2 7 and a hottom flan g e fn the preferred 

15 c ou pl etomotor2C, As depicted in Pi g . 3a, a flexihie cou P Un g 29 may he used to coupie 

shaft2 4tomo t or20.Bexih 1 ecoup,in g 2»isemp 10 yed.oahsor b shoc kl oadin g andpre V ent 

shaft 24 from twisting. 

Because shaft 24 e„ends throu g h top flar^e 27, and because conveyin g Copper 9 

20 ^M-*"-*"***"-* Sea, 3. may comprise any of a 
^evarie.ofweU^se.s.hutUnepreferredemc.dimentemp.oyseitheradouh.e 
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^.-,o«...-— -7 ta 

„ ,, Byte epin g thepomo„ofsha ft 24 t hatis i nco„tac,w I thseal30f re eof 

Be^s.ppona^.w^e^-a^^U^.oope^emc^, 

, „ arins sa rel oca t e d a tb0t h t heuppera„d 1 owe r e»dso f sha ft 24. Attheupper 
In Fig. 3a, beanngs are iocdi O6950 .oi67-us< 
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, radial a„ds tl oc k lo a d ing , a nd 1 owe r bea ri n g 32 i sa th n, tb e ari n, A*— , * 

shaft24 u,w«3 2i sp— .suscep^.ooo^onand— 
coll ec, — 

^^^^^^^^^ 
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^^.de.e^edbasedupon^p^flowve.o^^d.o.eepfinep^es 
e nte „« g .e^ ng -T h epu Iging onowe rb e^ g 3 2 isacoo m pHs h ed by a d d i n g c 1 e an 

wat erorprocess water — . ta -*-34*-**.««. — 

Withthefore g oi»gdescriptionof the invention provided, another aspect of the 

p ^ ta ^-m^1.-^'.^*^-* ta -^ ,, ' ,,,4w,,,,, 
l ^a^..p^*~"" to ^" ,, " a-,,,, 

process Tnisexan.ple.houldnotrepresentany— n on the present invention. F.gures 
2 aand2b are panicky usefui >n describing the processes of the present invention. 
Corresponds reference numerals are used where appropriate. 

M stated above, the conveying popper 9 operates in two modes: s!a g collecuon 

0U Ue, valve!!, closed, and U>e conveying Copper 9 is at app—eiy the same 
time s.agcontinuousl y drifts down throu g h the common water column formed between 

b e lo wout,e tl 0,preferab 1 yf,»nngabou, & 0to8 5 percen,ofhousin g 2,Thes,agisslow 1 y 
„d.ntheupwarddirecUontowardou„et 1 O.Theco,lectiontimean d speedof,he 

COn y 06950.0167-USOO 
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auger 23 are designed such that the slag collected in the first flight at the star, of the 
section mode is conveyed to the upper end ofhousing 21 just below outlet 10 by the end of 
collection period. 

b one embodiment, dumping slag from conveying .ockhopper 9 consists of four 
5 steps- (1) depressurizing the lockhopper; (2) dewatering and dumping the slag; (3) refilling 

to prepare the lockhopper for the ensuing collection cycle. 

Beginning with depressurization of the lockhopper. at the end of the slag collection 
mode, the lockhopper in.etva.ve 8a is Cosed and auger 23 is stopped. The water .eve. in the 
10 io.khopperisreducedtojus.above.nle.Sb.preferab.ysothatwaterfiUsonlyaboutltoS 

percentofthe lockhopper. The water !evel is reduced by pushing the water into the 
atmospheric bee. tank 16 using nitrogen. The itutia. driving force for moving the conveying 
iockhopper water into heel tank 16 comes from the decompression and expansion of the 
nitrogen gas cap at the top ofhous,ng21. This decompression and expansion occurs as soon 
15 asV a.vel4opens.oconnect fll epressu ri zedconve y ing.ockhopper9withtheat m ospheric 
heena^^.ThefmaldnvingforceformovingwaterintoheeltankUcomesfromadding 
additions pressurized nitrogen, which enters housing 21 through nitrogen p.* 15 and is 
controUed by nitrogen inlet valve 17. It is important ma, vent valve 18 isc.oscd during tbts 

20 vent valve 18 is opened to depressurize housing 21 of any remaining nitrogen. 

The next step is to dewater artd dump the slag. Once thepressure in the lockhopper, 

23iseimermrningconunuous.yorcyclingonandoffa.aprede.erminedra,e.Theon-off 

06950.01 67-USOO 
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cycle for auger 23 is determined based upon the extent of slag dewatering required. At the 
end of this step, when all of the dewatered slag has been discharged, outlet valve 11 is closed. 
The slag discharged during this step is deposited as dewatered slag directly into containers 12 
suitable for immediate transportation. 
5 Following the slag dewatering and dumping step, the conveying lockhopper 9 is 

refilled with water from tank 16 by opening tank valve 14. Water flows by gravity into the 
lockhopper, while atmospheric nitrogen inside the lockhopper is vented through vent valve 
18. Once the lockhopper has been filled, preferably to a level between 60 and 85 percent of 
the lockhopper' s volume and, preferably, so that the water level is just below outlet 10, then 
1 0 vent valve 18 and tank valve 14 are closed. 

The final step in dumping the conveying lockhopper 9 and preparing it for the next 
collection cycle involves pressurizing housing 21 to the gasifier operating pressure, preferably 
about 500 psig. Nitrogen or some other inert gas is fed through nitrogen inlet valve 17 into 
nitrogen port 15. When the differential pressure between the gasifier and lockhopper 9 is 
15 preferably less than 15 psig, inlet valve 8a is opened to begin the collection mode allowing 
slag to settle by gravity into conveying lockhopper 9. During the entire lockhopper operation, 
pump 19 runs continuously to purge lower bearing 32 with clean condensate water through 

bearing purge water inlet 35. 

In an alternative embodiment of the present invention described with reference to Fig. 
20 2b, the conveying lockhopper 9 is employed in a gasification system without the use of a 
separate tank 16. In this embodiment, the operation of lockhopper 9 is very similar to that 
described above with the exception of the sequence of operations involved in depressurizing 
the lockhopper and refilling the lockhopper with water. 
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tate e— e„ t so f H g s. 2 =^ M ,p l pespoo 1 va 1 ve6 2 ^ th ep 1 aceo t ou tl e t 

«..^ fcta ^^*-»----- 4,f - ^,,,1 ' ,,,, ■^ 

15 auger rotational rate. 

100psig ^^ope^,^^, — 
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60 is reduced to an acceptable level, pip, spool vaWe 62 is opened. The dewatered slag that 

collected in pipe spool 60 is dumped directly into a transportable confer 12. If the 

5 theslag. A ft er.heslaghasbeendun 1 ped,va 1 ve62isc 1 osed. Pipe spoo. 60 must then be 
repr essuri Z ed to the operaung pressure of .he conveying lockhoppe r 9 and gasifier. . 
Pressurizauonofpipespoo, 60 can he accomplished using an inert gas such as nitrogen 

oudetvaive 11 can he opened to resume costing dewatered slag. Since only pipe spoo. 60 

perform these operations are significantly reduced. 

b an alternate embodiment of the present invention, the system and method of the 
pres ent invention are controlled by a computer system, such as computer system 902 depicted 
inFig .9. m s U chanembodiment, the various valves in the system (such as vaives 8a, 11,14. 
15 ,7 18 62 « 5 ,and66)areconf lg uredforcon tt olandope r auonbyacomputerinamanner 
^.o one sailed in the art. Sinularly, ports 13 and 15, inlet 8b and outletlOcan be 
inflgure d for contro! and operatton by a computer in a manner known to one skilled tn the 

efuncttonal.tyofthe present invention, and the steps of the methods described above, 
.be earned out using a computer system. Moreover, ins—on to observe condtUons 

computer system canbe used to control the operation of the conveying lockhopper ,n the 
collection and dump modes. 

06950.0167-USOO 
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A computer system capable of carrying out the functionality described herein is shown 
in more detail in Fig. 9. Computer system 902 includes one or more processors, such as 
processor 904. Processor 904 is connected to a communication bus 906. It should be 
apparent to a person skilled in the relevant art how to implement the invention using other 
computer systems and/or computer architectures. 

Computer system 902 also includes a main memory 908, preferably random access 
memory (RAM), and can also include a secondary memory 910. Secondary memory 910 can 
include, for example, a hard disk drive 912 and/or a removable storage drive 914, 
representing a floppy disk drive, a magnetic tape drive, an optical disk drive, etc. Removable 
storage drive 914 reads from and/or writes to a removable storage unit 918 in a well known 
manner. Removable storage unit 918, represents a floppy disk, magnetic tape, optical disk, 
etc. which is read by and written to by removable storage drive 914. As will be appreciated, 
removable storage unit 918 includes a computer usable storage medium having stored therein 
computer software and/or data. 

In alternative embodiments, secondary memory 910 may include other similar means 
for allowing computer programs or other instructions to be loaded into computer system 902. 
Such means can include, for example, a removable storage unit 922 and an interface 920. 
Examples of such can include a program cartridge and cartridge interface (such as that found 
in video game devices), a removable memory chip (such as an EPROM, or PROM) and 
associated socket, and other removable storage units 922 and interfaces 920 which allow 
software and data to be transferred from removable storage unit 922 to computer system 902. 

Computer system 902 can also include a communications interface 924. 
Communications interface 924 allows software and data to be transferred between computer 
system 902 and external devices. Examples of communications interface 924 can include a 
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^.anetwor.in.erfaceCsuchasanE.hemetc^.aco— ations port, a PCMCIA 
slot andcard,etc. Software and ^ transfer via co—ations interface 9Z4 are >n the 

^^^—0^^924. Signa^providedto 
5 „ica to sin,e rf acev^^^ 

and other communications channels. 

tathl5 document, the terms "computer program medium" and "computer usab.e 
fflea i a m"areusedto generally refer t0 media such as — storage device 9X8, a hard 
10 dt. — mharddis.drrve^andsignais^, These computer program products are 

means for providing software to computer system 902. 

Computer programs (also Cled computer control^) are stored in main memory 
908 a„d,orsecondarymemory910. Computer programs can also be recerved via 

1S s y S tem902toperformthefeaturesofthepresent— » as discussed herein, .particular, 

^^^^^^^^^^^ 

present—, Accordingly, such computer programs represent confers of computer 

system 902. 

manemhodimentwheretheinventionis.mplementedusingsoftvvare.mesof^are 
rem ova b ,estoraged n ve9 M , h ardd n ve9Uorcon m um C a, l ons,nte rf ace92 4 .Theco^ 

functions of the invention as described herein. 
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* „.rcnn<! skilled in the relevant art(s). 
10 while achieving more desirable results. 



""""1— — — 

withthefollowtagclaimsaudtheirequivalenu. 
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